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The Groningen Meander Walking Test: a dynamic walking test for older adults with dementia. 1 
INTRODUCTION
Compared with healthy older adults, their peers with dementia are about 2 -3 times more likely to fall. [1] [2] [3] In older adults with dementia the ongoing degeneration of brain tissue eventually leads to a loss of cognitive (e.g., executive functions, memory, attention) and physical functions (e.g., gait, balance, muscle strength). [4] [5] [6] This leads to a decrease in their level of physical activity. 7 Consequently, cognition and physical function may decline further and increased risk of falling may emerge. 6, 8, 9 The likelihood of falling in cognitively impaired older adults is related to a decline in executive function and a decline in dynamic balance (e.g., balance during walking). 9 Specific physical properties that relate to a loss of balance during walking are; a lower walking speed and a wider step support. 10 Recent studies suggest that older adults with dementia may counteract the cognitive and physical decline by taking part in exercise interventions. 9, 11 Interventions should aim to enhance executive functions, improve walking speed, and reduce gait width because most falls occur in walking activities that require these dynamic balance abilities. 12 Several neuropsychological tests are already available to measure intervention effects on executive function. 13 However, to measure intervention effects on walking abilities, both walking speed and gait width should be tested while changing direction.
A recent review revealed that studies in people with dementia only used walking and balance tests that were originally designed for cognitively non-impaired older adults. 13 The most frequently used balance test was the Functional Reach Test. 13, 14 However, because no walking is involved in this test, the clinical relevance for dynamic walking is minor. A dynamic walking test is the Figure of Eight (FoE). In this test, participants are asked to walk as quickly and accurately as possible over a figure of eight without stepping outside the lines. 15 For clinical practice it is crucial that such a test is feasible, meaning that a patient is capable to successfully accomplish the presented test according to protocol. Furthermore, a test should be reliable, valid, and sensitive to measure change for the population of older adults with dementia in the home environment.
to detect clinical relevant changes. 18 This hampers the feasibility and clinimetric properties of these tests. To counter this, a test for people with dementia should provide an obvious, unambiguous test assignment (to meet impaired executive functioning), and short test instructions with a maximum of a three step command (to meet impaired memory and attention), because cueing during a test negatively affects test results. 17, 19 At the physical level, the test duration should also be short to avoid fatigue and enable the participant to perform the test according to protocol, which may decrease the MDC. 19 Therefore, a more feasible, reliable, sensitive, and valid test to assess walking abilities is needed for persons with dementia.
In order to provide such a test that fits the population of older adults with dementia, the Groningen Meander Walking Test (GMWT) was developed. The aim of the GMWT was to measure walking abilities by walking over a meandering curved line, with an emphasis on walking speed and stepping accuracy, while changing direction. The GMWT has some similarities with the FoE (i.e., meandering lines, timed performance, requires accuracy while walking). However, the GMWT is distinctly different from the FoE because it was designed specifically for older adults with dementia to maximize feasibility (i.e., a more intuitive task, short, no cross-over of the track, little instructions needed). For older adults with dementia it is suggested that the GMWT may lead to more reliable outcome measures compared to the FoE. Therefore, we assume that the GMWT is more suitable for testing walking abilities in this specific population. This test may help to determine treatment effects after an intervention that is aimed to improve walking abilities. After validation, this test may be a useful tool to estimate dynamic balance control and individual fall risk. The aims in this study were to investigate feasibility, test-retest reliability, and MDC, as a first step towards the clinimetric evaluation of the GMWT.
Protocol
The primary researcher administered the MMSE to control for the inclusion criteria. Furthermore, background data was collected from the medical files of the participants with respect to age, gender, diagnosis of dementia, and medication use. A repeated measures design (T0 -T1) for the GMWT time and overstep score was used to study the feasibility, test retest reliability, and MDC of the GMWT. The adherence rate of the GMWT for T0 and T1 was assessed as an indicator of feasibility. In addition, reasons for non-participation, not completing the test, adverse events, repetition of the instructions during test performance, test duration, and number of oversteps were noted. These results allowed the practitioner to estimate the chance of successfully administrating the test, collect consistent measurements under consistent conditions, and quantify the amount of change that is needed to exceed measurement error or participant variability.
Repeated measures were administered by the same well trained, experienced test instructors with one week in between, at the same time, and at the same location, at an illuminated closed off corridor in the specialized nursing homes. All test instructors were trained by the primary researcher, who gave written and oral instructions of how to perform and assess the tests according to protocol. Instructions for the GMWT began with verbal step-by-step instructions, with concurrent visual cues and gestures. Interacting with the participants was done in a way that was easy to understand, with the use of clear speech, friendly facial expressions, and eye contact during speech. 21 Then, the instructions were repeated while demonstrating the task. Finally, the test instructor asked the participant if the instructions were understood.
Data management
PASW Statistics 18 for Windows was used for data management and analyzes. Level of significance was p <.05 for all statistical analyzes. All analyzes were performed for the total group and for the participants without a walking device, and those with a four-wheeled walker (4WW), separately. To identify possible structural differences (e.g., learning effect) between T0 and T1, the differences between the scores of the GMWT time and overstep for the repeated measures (T1 -T0) were tested. This was done with a paired sample t-test for normally distributed data and Wilcoxon Signed Rank tests for non-normally distributed data. The relationship between the time score and overstep score was analyzed with a Spearman correlation.
Assessment of the test retest reliability for the GMWT time and GMWT overstep score was performed with a Model 3 (two way mixed) Intra Class Correlation (ICC) analysis. The ICC was calculated with a 95% Confidence Interval (CI), single measure, absolute agreement model. For group studies (e.g., epidemiological studies) a test-
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The dimensions of the GMWT are shown in Figure 3 .1. The 6.00m track of the GMWT, which has four bends, was drawn on a smooth dark blue mat. The width of the meandering track was 0.15m. To exclude the effects of start-up speed and slowdown speed, participants started the test one meter before the start of the track and stopped one meter after the end of the track. The test as a total was performed in two parts; first forth and then back.
Participants were instructed to walk as fast and accurately as possible. The instructions were as follows: "Please walk over the path as fast and accurate as possible. Try not to step outside the white lines. We will measure the time and count the number of times you step outside the lines". No practice trial was included and a walking device was allowed.
The first outcome measure was the time to perform the test. The forth and back walk were timed separately: the stopwatch stopped once the participants finished the forth and restarted once they started their walk back. The final score was the mean time in seconds of the forth and back walk. A faster time score indicated better performance. The second outcome measure, simultaneously measured with the time score, was the number of oversteps outside the track. If the participant stepped completely outside the indicated track, this was noted as overstep. The oversteps of the forth and back walk were counted separately. The final score was the mean number of oversteps of the forth and back walk. A fewer number of oversteps indicated a better performance. The Groningen Meander Walking Test Chapter 3 CI = 0.066 -0.770), and the stride regularity during walking (r = 0.527, CI = -0.787 --0.109).
GMWT time score
The total group of participants showed no significant differences in mean GMWT time score between T0 and T1. An excellent test retest reliability (ICC = .942), with a MDC of 5.35s, was found. Looking at the two groups separately, participants that walked without a walking device (mean GMWT time = 13.26s, SD = 6.40) showed a higher test-retest reliability (ICC = .972), and a smaller MDC (2.96s) compared with those who used a 4WW (mean GMWT time = 21.88s, SD = 7.44; ICC = .748; MDC = 10.35, respectively).
GMWT overstep score
The total group of participants showed no significant differences in mean GMWT overstep score between T0 and T1. However, the total group showed a marginal test retest reliability (ICC = .630) with a MDC of 4.38 oversteps. Looking at the two groups separately, participants that performed the test without and with a 4WW both showed marginal test-retest reliability (ICC = .672 and ICC = .578, respectively). However, the MDC for participants without a walking device was smaller compared to participants that used a 4WW (MDC = 2.71 oversteps versus MDC = 5.78 oversteps, respectively). retest reliability ICC < .70 is marginal. For clinical individual measurements an ICC > .90 represents the required consistency of a test. 22 To plot the similarity between T0 and T1 of the GMWT time and overstep score, for the total group, the group that did not use a walking device, and the group that used a 4WW, Bland-Altman plots with limits of agreement were created. 23, 24 The width of the limits of agreement give an adequate view of the absolute measurement variability, which is caused by patient variability and / or measurement error. A larger width of the limits of agreement indicates a larger variability, and thus a lower test retest reliability. To calculate the limits of agreement for skewed data, the following formula was used: -2X * [ ((10^a)-1)) / ((10^a)+1)) ] and +2X * [ ((10^a)-1)] / ((10^a)+1)) ] ; with a=1.96 x √2 _ER^2 and _ER^2 reflecting the residual-error variance. 24 The MDC at a 95% CI was calculated with formula: MDC95 = SEM * 1.96 * √2, representing the amount of change that is needed to exceed anticipated measurement error or patient variability. 25 The standard error of measurement (SEM) scores, with a 95% CI, were calculated following Stratford and Goldsmith (1997) . 26 The MDC is closely related to the SEM, but is more conservative (~2.7 SEMs). Therefore, interpretation of the results will focus on the MDC. Table 3 .2 presents the GMWT time and overstep scores for all participants (n = 42), and for participants without (n = 23), and those with a 4WW (n = 19), separately. In addition, the test results for differences between T0 and T1, as well as the reliability coefficients, are presented.
Results

Feasibility
Forty-two participants performed both measurements of the GMWT according to protocol (adherence rate was 100%), and no adverse events occurred during test administration. Further, only repetitive instructions were given to the participants before the second walk over the GMWT. Test duration of the GMWT was short (mean: 17.16s) and the amount of oversteps ranged between 0 -11.50 oversteps. Twelve participants (28.6%) made no overstep (n = 8 without a walking device, n = 4 with a 4WW) and 30 participants (71.4%) made one overstep or more. Furthermore, the range of oversteps was smaller in participants without a 4WW (range: 0 -7.50 oversteps), compared to participants that used a walker (range: 0 -11.50 oversteps). A significant correlation between the GMWT time and overstep score was found (r = 0.36, p < .01), indicating that participants who had more trouble to stay within the GMWT path performed the test slower. Preliminary hip accelerometer data in older adults with dementia (N = 20) suggested that there may be a relation between the performance of the GMWT and mediolateral regularity during walking (r = 0.495, 60 61
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Figure 3.2: Bland-Altman plots with limit of agreement for the Groningen Meander Balance
Test time score (upper) and GMBT overstep score (lower) for respectively the total group (left), participants without a walking device (middle), and participants with a walker (right). Figure 3 .2 displays the Bland Altman plots, with 95% limits of agreement, for the time score and overstep score for the total group, participants without, and those with a 4WW. The GMWT time and overstep data for the total group were positively skewed and heteroscedastic. This is reflected by limits of agreement becoming wider, meaning a higher variability between T0 and T1 with increasing values. In clinical practice this means that the test retest reliability for the GMWT time and overstep score becomes lower with slower test performance or more oversteps. Looking at the groups separately, for the group that did not use a 4WW, the data of the GMWT time and overstep score was homoscedastic with constant limits of agreement. This resulted in a constant variability, which is independent of the magnitude of the GMWT time or overstep score. In contrary to this, time and overstep data for the group that used a 4WW was heteroscedastic, with higher scores yielding higher variability. In practice, reliability of the GMWT time and overstep score for the group that used a 4WW declines with slower performance or more oversteps. Based on data in the current study, no relation was found at baseline between cognition (MMSE) and GMWT time (r = -0.160, p = 0.312), and between cognition and GMWT oversteps (r = -0.098, p = 0.539). A subgroup reliability analysis between moderate cognitive level participants (MMSE 20, N = 13) and lower cognitive level participants (MMSE < 20, N = 29) 20 showed a difference in test retest reliability for the GMWT time score (ICC = 0.963 versus ICC = 0.933, respectively) and the GMWT overstep score (ICC = 0.792 versus ICC = 0.569, respectively). 
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The Groningen Meander Walking Test Chapter 3 reflected by a lower feasibility to perform the GMWT according to protocol.
Participants made less oversteps during the GMWT compared with the FoE. Therefore, the question rises whether the limits of test performance on dynamic balance were reached. Data showed that walking speed on the GMWT was approximately 0.35 m/s, which is twice as slow as a comfortable walking speed in a straight line in people with dementia. 18 Furthermore, the number of oversteps was positively correlated with the GMWT time score (r = 0.36, p < .01), which indicates that participants who had more trouble staying within the GMWT path were slower on the test. Evidently, the limits of test performance may have been reached, in view of the fact that walking speed decreased in an attempt to execute the test as accurately as possible.
Test retest reliability
Reliability studies of dynamic walking tests, such as the Parallel Walk test 28 and FoE 18 , combined data of participants with and without a walking device. However, current results showed that combining data of participants with and without a walking device might lead to an underestimation of the reliability for people that did not use a walking device, and an overestimation of the reliability for people that used a walking device. From a clinical perspective, an ICC > .90 represents the required reliability of a test for individual clinical measurements. 22 Therefore, only the test retest reliability for older adults with dementia, who walked without a walking device, was sufficient (ICC = .972) to obtain reliable data, which can be used in clinical practice.
When the GMWT is performed with a walking device, a clinician or researcher needs to be aware that this may negatively affect the test retest reliability of the GMWT time score. Furthermore, it is shown that the use of a 4WW in geriatric patients negatively affects the assessment of changes over time in gait and mobility performance. 29 To get around the constraints that a walking device may cause, such as an increased cognitive attention and planning demand while steering, 30 higher cardiorespiratory demands, 31 and possibly reduced sight during feet placement, future research should investigate if it is feasible, reliable, and safe to perform the GMWT without a walking device, for persons using a walking device in daily life.
For the GMWT overstep score, both people with and without a 4WW showed marginal test retest reliability. The current results were comparable with results of a study that was performed with the Modified FoE, which included older community-dwelling women (ICC = .73). 32 The low test retest reliability of the overstep scores may have been caused by a relatively large stepwise increment of the test score. Because a majority of the participants (73.8%) made less than four oversteps, a small change in the number of oversteps caused a relatively large variability. As a consequence, this negatively affected the reliability and caused a large MDC, which could complicate
DISCUSSION
In the absence of an appropriate field test to measure dynamic walking performance in older adults with dementia, the GMWT was developed. Main goals in this study were to investigate feasibility, test retest reliability, and MDC, as a first step towards the clinimetric evaluation.
Feasibility
In the process of test development, there was an emphasis on the feasibility of the GMWT. At the cognitive level, an obvious, unambiguous test assignment with a simple and short three step instruction was provided. 17 At the physical level, fatigue was avoided by providing a short test duration. 19 Current results support an excellent feasibility, since all participants were able to perform the test fluently, without hesitation, and without any adverse events. Also, test instructors did not use repetitive instructions during the execution of the test. Only repetitive instructions between the two walks over the GMWT were given. Not repeating test instructions while a participant is performing the test prevents cognitive interference, which strengthens the test retest reliability. 27 However, measurements with cognitively impaired older adults are known to be less reliable compared with measurements with cognitively non-impaired older adults. 25 Based on data in the current study no relationship was found at baseline between cognition (MMSE) and GMWT time, and cognition and GMWT oversteps. However, a subgroup reliability analysis between moderate cognitive level participants (MMSE 20, N = 13) and lower cognitive level participants (MMSE < 20, N = 29) 20 showed a difference in test retest reliability for the GMWT time score and the GMWT overstep score. Therefore, for the GMWT a lower cognitive level may lead to less reliable outcome scores. Future research with larger subgroups is needed to further evaluate these findings.
The active duration of the GMWT was shorter (range 5.86s -37.73s), compared with the FoE (range 18.28s -117.41s). 18 This may have contributed to the feasibility at the cognitive level (e.g., memory, attention), and the physical level (e.g., fatigue). [4] [5] [6] Furthermore, the number of oversteps can provide information about the clinical value of the GMWT time score, whereas participants who made a large amount of oversteps were not able to follow the marked path. As a consequence, reliability of the time score declines. Our data showed that 31 participants (73.8%) performed the GMWT with less than four oversteps. However, eleven participants (26.2%) made more than four oversteps, of whom eight were using a 4WW. For older adults with dementia who did not use a 4WW, the mean number of oversteps per meter for the GMWT (0.23 oversteps / meter) was lower compared to the amount of oversteps of the FoE in a study with mild dementia patients (0.66 oversteps / m). 17 Thus, the use of a 4WW may negatively affect the accuracy during test performance. This may be The Groningen Meander Walking Test Chapter 3 between accelerometer data and risk of falls. 37 Therefore, we suggest that the GMWT scores could be indicative to balance ability and fall risk. However, future research to validate these findings is necessary and should include fall diaries.
While the generalizability of our study appears adequate given the heterogeneity of the participants, the enrollment of participants over four different specialized nursing homes in the North of The Netherlands might have resulted in a limited geographical variability. Furthermore, recruitment of participants was based on the inclusion criteria and the willingness of residents to participate. This led to a volunteer bias. However, in clinical practice the participant needs to be willing to participate. Therefore, the study population that participated in this study is most likely to be equal to the goal population in clinical practice.
CONCLUSION
The GMWT is a feasible test to use in clinical practice and research. With the GMWT time score, a reliable and more sensitive field test for dynamic walking abilities in older adults with dementia is available. The GMWT overstep score can be used to give information about the execution of the test according to protocol, and should be emphasized during the instructions. Future studies need to investigate the validity of the GMWT in older adults with dementia. the detection of clinically relevant changes. However, the overstep score plays an important role to get a meaningful time score, because of the significant correlation that was found between the two. This significant relation showed that participants who had more trouble to stay between the GMWT lines walked slower on the test, thereby adding purpose for the time score. In clinical research, where tests with a time and overstep score were used, such as the FoE, often only the time scores 33, 34 or only the overstep scores 35, 36 were presented. However, for clinical practice it is crucial that both scores are measured and presented, as this tells us how the tests were performed. Future research into the validity of the GMWT should further investigate the role of oversteps in relation to the time score of the GMWT.
Minimal Detectable Change
Current results show that the MDC of the GMWT time score was 5.35s. This indicates that in clinical practice a difference of approximately 31% is needed to measure a difference that exceeds the 95% variability bounds. 26 Despite this large values required to detect change, which poses a problem when monitoring differences over time, it is an improvement compared to the existing balance tests that were already used in older adults with dementia, such as the FoE (~40% change is needed to exceed MDC) and the FICSIT-4 (~59% change is needed to exceed MDC). 18 Therefore, the GMWT time score appears to be better than dynamic walking tests that are currently available.
Current data showed that the GMWT time score had a large difference in MDC values for participants without a walking device and those with a 4WW. For participants without a walking device, a smaller change is enough to require a reliable result (MDC = 2.96s), in contrast with the larger change that is needed in participants with a 4WW (MDC = 10.35s). For clinical practice, this implies that the GMWT time score for participants without a 4WW should change with ~22% to be sure that this change was not caused by variability alone, whereas for participants with a 4WW, the GMWT time score needs to change with ~42%. Thus, the GMWT time is most sensitive to change in people with dementia that do not use a 4WW. The GMWT time may be used in persons with a 4WW, but this will pose a larger uncertainty in monitoring differences over time. Then again, the GMWT time is currently the best available test in this field compared with other tests.
Limitations
In this study no fall history data was collected. Therefore, no definitive claims can be made about the GMWT as an indicator to assess fall risk. However, preliminary hip accelerometer data in older adults with dementia (N = 20) suggested that there may be relations between the performance of the GMWT and medio-lateral regularity during walking, and the stride regularity during walking. These relationships are in line with an accelerometer study with older adults that showed relationships 69 General introduction Chapter 1 + PILOT
